Abstract. This study was conducted to determine volatile oil components for leaf and flowers of Stachys cretica subsp. anatolica Rech. and Stachys lavandulifolia Vahl. in different reaping periods, such as preflowering, flowering, and post-flowering by gas chromatography mass spectroscopy (GC-MS) after solid phase micro extraction (SPME). To achieve this aim, leaf and flower samples were collected from Tınaztepe Cavern province of Seydisehir, in 2015 and 2016. A total of 62 components were determined for Stachys cretica subsp. anatolica, with benzaldehyde (46.34%), β-caryophyllene (11.23%) and (E)-2-hexenal (8.50%) being the main components. Additionally, 55 volatile components were found for S. lavandulifolia, and the main components were β-phellandrene, myrcene, and α-pinene at 27.71%, 11.56% and 11.20% respectively.
Introduction
Turkey is situated at the intersection of different climate zones due to its geographical location. Therefore, it is rich in plant species and diversity. Turkey is also an important germplasm for the plants in the Lamiaceae family, which is the number one plant species traded across the world that has an important place in alternative medicine (Anonymous, 1996; Arslan et al., 2000; Ozkan, 2007) . The members of the Lamiaceae family represented by 45 genera and more than 546 species in Turkey are vital for the pharmacology and perfumery industry thanks to their volatile and aromatic oil content (Secmen et al., 2000) .
The economic value of the Lamiaceae family members is very high, as they contain the aromatic compounds and essential oils. Some taxa in the Pogestemon and Lavandula genera are used in the perfumery industry while Thymus, Mentha and Origanum species are used in the food industry (Watson and Dallwitz, 1978; Clive and Stace, 1980; Baytop, 1991; Ozkan, 2007) . Furthermore, several species in the family (Stachys, Sideritis, Salvia, Lamium, Ajuga, Teucrium, Thymus, Phlomis etc.) are known to be used for therapeutic purpose (Baytop, 1984 (Baytop, , 1991 Ozkan, 2007) .
The genus Stachys from the Lamiaceae family, which was the research material, in this study, comprises nearly 200 taxa. The members of Stachys L. are found almost everywhere in the world except Australia and New Zealand. The Balkans, South and East Anatolia, Caucasians, Northwest Iran and north of Iraq are the regions where these species grow intensively (Bhattacharjee, 1974; Davis, 1988) . They are represented by 121 taxa in Turkey with an endemism rate of 43.4%.
Stachys species are medicinal plants used by people for the treatment of diseases. Stachys annua is used to heal insomnia and menstrual irregularities; S. sylvatica is used as antispasmodic, diuretic, tonic and astringent agent, S. officinalis is used as tonic and
Materials and Methods
The material of the study conducted in 2015 and 2016 comprised of Stachys cretica subsp. anatolica and S. lavandulifolia samples collected during pre-flowering, flowering and post-flowering stages from two different sampling sites in KonyaSeydisehir, Tınaztepe Cavern province that is situated N 37° 14', E 31° 55', and 1525 m elevation ( Figure 1) . Samples of S. cretica subsp. anatolica were collected in April, May, and June of both 2015 and 2016 at pre-flowering, flowering, and post-flowering stages. Additionally, S. lavandulifolia samples were collected in May, June, and July of both years.
The leaves and flower samples that were collected were put into paper packages and transferred to the laboratory the same day to avoid exposure to sunlight. After the collected plant materials were dried at room temperature (25°C), and flower and leaf samples were subjected to solid phase microextraction (SPME). 2 g of samples were placed into a 10 mL vial. After incubation for 30 min at 60°C, SPME fibre was pushed through the headspace of a sample vial to absorb the volatiles and then inserted directly into the injection port of the GC-MS (Shimadzu 
Results
The volatile compounds in the leaves and flowers of Stachys cretica subsp. anatolica and S. lavandulifolia species were collected at pre-flowering, flowering, and post-flowering stages were analyzed by SPME (solid phase microextraction) method. With SPME method, 62 different volatile compounds were identified in Stachys cretica and 55 in S. lavandulifolia. These results are shown in Table 1 . (E)-2-Hexenal, Benzaldehyde, and β-caryophyllene Stachys cretica were identified as the main compounds of Stachys cretica. Specifically, it contained 7.82% (E)-2-Hexenal, 40.54% Benzaldehyde, and 8.36% β-caryophyllene at the pre-flowering stage; 8.50% (E)-2-hexena, 46.34% Benzaldehyde and 11.23% β-caryophyllene at the flowering stage; and 6.62% (E)-2-Hexenal, 41.80% Benzaldehyde and 10.93% β-caryophyllene at the post-flowering stage. Additionally, α-pinene, myrcene and β-phellandrene were found to be the main compounds of Stachys lavandulifolia. Specifically, these flowers contained 10.70% α-pinene, 10.98% myrcene and 26.12% β-phellandrene at the pre-flowering stage; 11.20% α-pinene, 11.56% myrcene and 27.71% β-phellandrene at the flowering stage; and 10.90% α-pinene, 10.25% myrcene and 26.06% β-phellandrene at the post-flowering stage ( Table 1) . 
Discussion and Conclusions
Stachys cretica subsp. anatolica was found to have 62 different volatile compounds, with (E)-2-Hexenal (8.50%), Benzaldehyde (46.34%), and β-caryophyllene (11.23%) being its main compounds. Ozkan et al. (2005) found that the main component of Stachys cretica subsp. mersinaea was α-curcumene (34.10%). In another study, Ozturk et al. (2009), identified 37 components of Stachys cretica subsp. smyrnaea using GC-MS analyses, with β-caryophyllene (51.0%), germacrene-D (32.8%), a-humulene (3.1%), Δ-cadinene (2.1%), and Δ-elemene (2.1%) being its main components. β-caryophyllene was found to be the main compound in both studies. The results for the other compounds was different from our findings. The other main compounds identified in our study were (E)-2-Hexenal and Benzaldehyde.
Goren et al. (2011) identified 24 main components of two Stachys cretica subsp. cassia and S. cretica subsp. garana, and 27, 26 and, 23 components of S. cretica subsp. lesbiaca, S. cretica subsp. kutahyensis and S. cretica subsp. symrnaea respectively. As results, germacrene-D (27.8%), δ-elemene (14.9%), and β-caryophyllene (8.9%) were identified for Stachys cretica subsp. cassia, however α-cadinol (16.4%), verbenol (11.4%) and dodecanoic acid (8.9%) were found for S. cretica subsp. garana. Additionally, germacrene-D, β-caryophyllene, and α-cadinol were found to be the main components of S. cretica subsp. lesbiaca at 13.9%, 12.5%, and 7.4% respectively. In the same study, they found germacrene-D (38.9%), β-caryophyllene (14.8%), and caryophyllene oxide (8.7%) to be the main components of S. cretica subsp. symrnaea and germacrene-D (28.1%), τ-muurolol (9.3%) and cubenol (8.8%) to be the main components of S. cretica subsp. kutahyensis. β-caryophyllene in both studies. The results for the other compounds differed from our findings. Goren et al. (2011) identified germacrene-D as the other dominant compound. The other main compounds identified in our study were (E)-2-Hexenal and Benzaldehyde.
Through SPME analysis, Stachys lavandulifolia was found to have 55 different volatile compounds, with α-pinene (11.20%), myrcene (11.56%), and β-phellandrene (27.71%) being its main compounds.
In another study conducted in Iran by Feizbaksh et al. (2003) , 55 components of Stachys lavandulifolia, which is endemic to Iran, were identified, and α-pinene (20.1%), β-pinene (12.1%), and spathulenol (7.2%) were found to be its main components. Moreover, α-pinene was found to be the main compound in both analyses. Their results for the other compounds differed from our findings. Feizbaksh et al. (2003) found that the other dominant compounds were β-pinene and spathulenol while the other main compounds identified in our study were myrcene and β-phellandrene.
The studies of Javidnia et al. (2004) found that germacrene-D (13.2%), β-phellandrene (12.7%), β-pinene (10.2%), myrcene (9.4%), α-pinene (8.4%), and Z-β-ocimene (5.8%) are the main components of Stachys lavandulifolia, however, MortezaSemnani et al. (2005) identified 4-hydroxy-4-methyl-2-pentanone (9.3%), α-pinene (7.9%), and hexadecanoic acid (5.2%). In both studies, α-pinene was found to be the main compound. The result for the other compounds differed from our findings. Morteza-Semnani et al. (2005) found that the other dominant compounds were 4-hydroxy-4-methyl-2-pentanone and hexadecanoic acid. The other main compounds identified in our study were Myrcene and β-phellandrene. Meshkatalsadat et al. (2007) 2012) found β-phellandrene (27%), α-pinene (18.5%), and germacrene-D (13%) to be the major components. In both studies, β-phellandrene and alpha-pinene were found to be the main components. In their study, germacrene-D was another dominant compound. The other main compounds identified in our study were myrcene and β-Phellandrene. Additionally, Pirbalouti et al. (2013) determined α-thujone (0.3%-32.3%), α-pinene (trace to 37.3%), myrcene (0.5%-15.9%), β-phellandrene (1.1%-37.9%), germacrene-D (0.4%-11.3%), Δ-cadinene (trace to 11.6%) and 1, 4-methano-1 H-indene (trace to 10.1%) to be the main components of S. lavandulifolia. These studies also supported our results.
In conclusion, Stachys cretica subsp. anatolica and Stachys lavandulifolia, the leaves and flowers of which were collected from the field, had the highest efficiency in terms of volatile compounds when they were collected during the flowering stage. The findings of this study inform the merchants and local people about the collection time to prevent random plant collection and potential economic losses.
